Abstract
INTRODUCTION
S ilent mating-type information regulation 2 homolog 1 (SIRT1) is an NAD+ dependent histone deacetylase, and is involved in the regulation of apoptosis and cell survival under stress [1] . SIRT1 is known to be increased by chronic stress [2] , but inhibited by ultraviolet radiation B (UVB) [3] . Its activity is vital for the maintenance of chromosomal integrity and control of various cellular processes including cell metabolism and cellular stress response [4] . Albani et al [5] also
showed that resveratrol, a putative SIRT1 activator, protects human neuroblastoma cells (SK-N-BE) from oxidative stress and α-synuclein-mediated toxicity. MicroRNAs (miRNAs) are a class of tiny non-coding RNA, through binding to complementary sequences in the 3'-untranslated regions (3'-UTR) of their target miRNAs, miRNAs can induce miRNA degradation or translation suppression [6] . Prior studies have shown that miRNAs are involved in a variety of physiological and pathological processes [7] . It has also been shown that some miRNAs are associated with the onset of agerelated cataracts, suggesting that miRNAs may become a new target for cataract diagnosis and treatment [8] . Bioinformatic investigation has predicted SIRT1 may be a target of miR-211 and this study was designed to detect miR-211 and SIRT1 expression levels in age-related cataract lens tissue. This was done to further clarify the role of miR-211 in regulating SIRT1 expression, human lens epithelial cell proliferation and apoptosis, and to reveal the mechanism of action of miR-211 in the progression of age-related cataracts. 
SUBJECTS AND METHODS Specimens

Dual Luciferase Reporter Assay
Using a human cDNA library as a template, the 3'-UTR region sequence of wildtype SIRT1 containing predicted miR-211 binding site was amplified and then cloned into the luciferase reporter vector (pGL3-Promoter vector; Promega, USA) to obtain the wildtype luciferase reporter gene vector (pGL3-SIRT1-wt). A point mutation was then induced in the predicted binding region of miR-211 on a separate sample of wild-type SIRT1 3'-UTR. This fragment was also cloned into a luciferase pGL3-promoter vector in the same site to obtain a mutant luciferase reporter gene vector (pGL3-SIRT1-mut). SRA01/04 cells were seeded in a 96-well cell culture plate for 24h then cotransfected with a luciferase reporter gene vector and miR-211 inhibitors or inhibitor control according to the specifications in the Lipofectamine RNAiMAX Transfection Reagent manual. The samples were divided into 8 groups: pGL3-SIRT1-wt+inhibitor controls, pGL3-SIRT1-wt+miR-211 inhibitors, pGL3-SIRT1-mut+inhibitor controls, pGL3-SIRT1-mut+miR-211 inhibitors, pGL3-SIRT1-wt+mimic controls, pGL3-SIRT1-wt+miR-211 Caspase-3 Activity Assay Caspase-3 activity was detected using a caspase-3 assay kit (Abcam, USA). Seventy-two hours after transfection, SRA01/04 cells were exposed to 200 μmol/L H 2 O 2 for 1h. Then, in accordance with the manufacturer instructions, these cells were lysed in 50 µL of chilled cell lysis buffer and incubated on ice for 10min, centrifuged, the supernatant protein concentration was determined using the BCA method. Totally 50 μL of cell lysis buffer containing 100 µg protein were added to each well in a 96-well plate. Then, 50 μL 2× reaction buffer, 0.5 μL 10 mmol/L DL-dithiothreitol (DTT) and 5 μL caspase-3 catalytic substrate DEVD-pNA substrate were added to each well. The samples were incubated at 37℃ for 2h. The optical density (OD) value was obtained using a microplate reader set at 405 nm wavelength. Each experiment was repeated three times. In the caspase-3 activity control group, OD was set to a value of 1 and the caspase-3 experimental group activity was standardized using the following calculation: (OD value of experimental groupblank well OD)/(OD value of control group-blank well OD)×100%. Statistical Analysis Each experiment was performed independently at least 3 times with similar results. Measurement data were presented as mean±standard deviation (SD). Differences between the groups were calculated using unpaired Student's t-tests. Statistical significant difference was considered at P<0.05. Statistical analysis was done using SPSS 16.0.
RESULTS miR-211 Expression Increased in the Anterior Lens Capsules
RT-qPCR detection of the expression level of miR-211 indicated that, as compared to the healthy transparent lens capsule group (normal group), the level of miR-211 expression in anterior capsules of patients with age-related cataracts (cataract group) was significantly higher (Figure 1 ). (Figure 2 ).
miR-211 Regulated Silent Mating-type Information Regulation 2 Homolog 1 Expression in Human Lens
Epithelial Cells SRA01/04 cells were transfected with miR-211 mimics, mimic controls, miR-211 inhibitors or inhibitor controls. Seventy-two hours after transfection, RTqPCR was used to measure SIRT1 miRNA expression and Western blotting was used to measure SIRT1 protein levels. As compared to the mimic control group, SIRT1 miRNA ( Figure  3A ) and protein ( Figure 3B , 3C) expression levels in the miR-211 mimic group were significantly decreased (P<0.05). In addition, SIRT1 miRNA ( Figure 3A ) and protein ( Figure 3B , 3C) expression levels in the miR-211 inhibitor group were significantly increased (P<0.05) when compared with the inhibitor control group.
Silent Mating-type Information Regulation 2 Homolog 1 is the Target of miR-211
The online software miRanda predicted SIRT1 may be the target gene of miR-211( Figure  4A ). This prediction was confirmed using a dual-luciferase reporter assay. SRA01/04 cells were co-transfected with a miR-211 inhibitor or miR-211 mimics and either the pGL3-SIRT1-wt luciferase reporter gene (3'-UTR sequence containing the wild-type SIRT1 miR-211 binding region) or pGL3-SIRT1-mut (containing a mutated 3'-UTR SIRT1 sequence in the miR-211 binding region). Seventy-two hours after transfection, relative luciferase activity was measured. The results showed that, compared with the miR-211 inhibitor control group, cells co-transfected with pGL3-SIRT1-wt+miR-211 inhibitors had significantly increased luciferase activity (P<0.001; Figure  4B ). Cells co-transfected with pGL3-SIRT1-mut+miR-211 inhibitors had no significant change in their luciferase activity (P>0.05; Figure 4B ), otherwise compared with the miR-211 mimic control group, cells co-transfected with pGL3-SIRT1-wt+miR-211 mimics had significantly decreased luciferase activity (P<0.05; Figure 4B ). Cells co-transfected with pGL3-SIRT1-mut+miR-211 mimics had no significant change in their luciferase activity (P>0.05; Figure 4B ), demonstrating that SIRT1 is a direct target of miR-211.
miR-211 Regulated Human Lens Epithelial Cell Proliferation and Apoptosis
Considering the discovery that SIRT1 inhibited apoptosis, further investigation was conducted into the effect of miR-211 on apoptosis and proliferation. SRA01/04 cells were transfected with either miR-211 mimics, mimic controls, miR-211 inhibitors, or inhibitor controls. Seventy-two hours after transfection, the cells were exposed to 200 μmol/L H 2 O 2 for 1h, after which caspase-3 activity was assessed and cell viability was determined using a MTS assay. Compared with the control group, the miR-211 mimic group had significantly elevated caspase-3 activity (P<0.001), while the caspase-3 activity of the miR-211 inhibitor group was markedly decreased (P<0.001; Figure 5A ). These results suggest that miR-211 promotes apoptosis in human lens epithelial cells. The MTS assay results showed that compared with the control group, there were significantly fewer viable cells in the miR-211 mimic group cells (P<0.001), while the number of viable cells was significantly increased in the miR-211 inhibitor group (P<0.001; Figure 5B ). These results further indicate that miR-211 inhibits the proliferation of human lens epithelial cells. DISCUSSION miRNAs are a class of endogenous noncoding RNA ranging from 21 to 25 nucleotides [9] . They often regulate gene expression by complementary pairing with the 3'-UTR of a target gene and mediating the degradation of target gene miRNA [10] [11] .
miRNAs are involved in a variety of physiological and pathological processes including cell growth and apoptosis, hormone secretion, aging, organ development, immune response and other pathologies [7, [12] [13] [14] [15] [16] . Other studies have
shown that miRNAs play an important role not only in ocular development but also the progression of a variety of ocular diseases such as cataracts, glaucoma, age-related macular degeneration and choroidal neovascularization [17] [18] [19] [20] [21] [22] [23] [24] [25] . miRNAs represent a relatively new and intriguing potential target for the diagnosis, prevention and treatment of ocular disease [26] [27] . This study highlights the mechanism of miRNA-211 in silencing SIRT1 expression and elucidates its impact on the development of age-related cataracts. Abnormal expression of miRNAs in cataract tissue has been reported previously. For instance, Qin et al [28] found low expression of miR-125b in the anterior lens capsules of patients with age-related cataracts and further discovered that miR125b inhibited human lens epithelial cells apoptosis. Other studies showed that expression of miR-421 and miR-133b were decreased in the lens epithelial cells of age-related cataract patients while miR-15a and miR-16-1 expression was increased [8, [29] [30] . The first novel finding in this study is that miR-211 expression was significantly increased in the anterior lens capsules of patients with age-related cataracts, suggesting that miR-211 may be involved in the development of age-related cataracts. Other studies have reported low expression of miR-211 in various tumor tissues, and have investigated the effects of miR-211 in suppressing tumor cell proliferation, migration, invasion and induce apoptosis [31] [32] [33] . However, the expression and functions of known miRNAs are highly tissue-specific, and thus the precise mechanism and effects of miR-211 in human lens epithelial cells requires further study. This is the first study to report that levels of SIRT1 expression were significantly decreased in the anterior lens capsules of age-related cataract patients, suggesting that SIRT1 activity could be linked to miR-211 expression in mediating the development of age-related cataracts. The protein encoded by the SIRT1 gene is an NAD+ dependent histone deacetylase, it belongs to the human Sirtuin protein family, which is highly conserved in various species and that is present in almost all cell types of the body [34] . It has been suggested that SIRT1 may facilitate p53 acetylation, thereby decreasing its ability to induce apoptosis [35] . Calapre et al [36] demonstrated that heatinduced SIRT1 activation mediates survival of DNA damaged keratinocytes through deacetylation of p53 after exposure to UVB plus heat. Furthermore, SIRT1 overexpression in osteoblasts suppressed hypoxia-induced apoptosis [1] . SIRT1
seems to play a protective role in a variety of pathological conditions; however, the mechanism of SIRT1 in cataract development remains unclear. The online software miRanda predicted that SIRT1 may be the target gene of miR-211. We verified that prediction in this study by transient transfecting lens epithelial cells with miR- 211 mimics or miR-211 inhibitors and monitoring resultant SIRT1 levels. This experiment found a striking inverse relationship between miR-211 and SIRT1 expression. Finally, dual-luciferase reporter assay confirmed SIRT1 as a direct target of miR-211. We then transfected lens epithelial cells with miR-211 mimics or miR-211 inhibitors exposed them to 200 μmol/L H 2 O 2 for 1h to induce apoptosis, and found that overexpression of miR-211 group resulted in significantly higher caspase-3 activity as well as significantly fewer viable cell. The miR-211 inhibitor group, by contrast, showed a significant decrease in caspase-3 activity while cell activity was significantly increased, indicating that miR-211 plays a role in inducing lens epithelial cell apoptosis and inhibiting the proliferation of lens epithelial cells. These results indicate that miR-211 induces lens epithelial cell apoptosis by SIRT1 expression, suggesting that it may play a key role in the progression of age-related cataracts. In summary, miR-211 expression greatly elevated in the anterior lens capsules of patients with age-related cataracts. miR-211 induces apoptosis and decreasing the viability of lens epithelial cells by directly targeting SIRT1, miR-211 may play a key role in the development of age-related cataracts. The findings of this study provide strong evidence that miR-211 could be a potential new target for the diagnosis and treatment of cataracts.
